Background Excess risks of respiratory cancer have been demonstrated in some groups of nickel-exposed workers. It is clear, however, that not all forms of nickel exposure are implicated in these excess risks.
Introduction
Following the first report which indicated a possible excess of respiratory cancer in workers from the Mond nickel refinery in Clydach, South Wales [1] , a number of reports have appeared in the medical literature examining the cancer experience of workers from this refinery [2] [3] [4] . The most recent findings were included in an evaluation of findings from 10 cohorts of workers (some 80 000 workers involved in nickel mining, smelting, refining and alloy production) carried out by the International Committee on Nickel Carcinogenesis in Man (ICNCM) [5] . (This evaluation is often referred to as the 'Doll Report' .) The studies of workers from the Clydach refinery all noted highly significant excesses of respiratory cancers, particularly nasal cancers, occurring in workers employed in the 1920s and 1930s.
Another cohort of UK nickel workers was included in the ICNCM report [5] , men employed at a plant manufacturing nickel alloys from metallic nickel, iron, copper, cobalt, chrome and molybdenum (Special Metals at Hereford, formerly Henry Wiggin and Co. Ltd). An earlier report of mortality in the period 1953-1978 found 'no evidence of the existence of any occupational hazard' although the authors noted that 'the number of deaths from lung cancer (15) in men employed for 5 years or more is small' [6] . More recent follow-up data have now been assembled for the Special Metals cohort . The primary aim of this analysis was to provide updated information on any lung cancer risks in a cohort of workers with some exposure to metallic nickel and nickel oxide. These workers were not exposed to nickel subsulphide, but would have had some exposure to iron, copper, cobalt, trivalent chromium compounds and molybdenum.
Materials and methods
The cohort was extended and now comprises all male workers who were first employed in the factory environment of the Hereford nickel alloy works in the period 1953-1992 (excludes office staff, canteen staff, laboratory workers and medical staff), and who were employed in the factory environment of the alloy works for a minimum period of 5 years (excluding breaks).
The pro formas that formed the basis of the previous report [6] were still available. These pro formas were re-computerized and similar pro formas were completed and computerized for more recent additions to the cohort. The pro forma includes information on identifying particulars, date of birth, any previous employment at nickel alloy works in Glasgow and Birmingham and work histories at the Hereford site defined in terms of dates of working, job codes and operating areas of the factory. Lists of job/department titles and their accompanying codes were available in company records. Factory processes have been described previously [6] . Personal sample measurements have been made systematically since 1975 and summaries of data for two periods (1975-1980 and 1997-2001 ) are shown in Table 1 .
A total of 252 employees were traced alive on the closing date of the survey (31 December 2000) by virtue of being still employed by the company. A further 270 employees were traced alive by virtue of receiving a company pension. Vital status information on the remaining 1477 employees had been [6] or was now sought from the National Health Service Central Register (NHSCR) of the Office for National Statistics (ONS). For those 611 workers who had died, a copy of the death certificate was obtained with the underlying cause of death coded to the contemporaneous revision of the International Classification of Diseases (ICD); the recorded cause of death was untraced for only three deaths. A total of 28 workers (1.4%) had emigrated and 27 workers were untraced (1.4%).
Expected numbers of deaths were calculated from male mortality rates for England and Wales (specified by 5 year age-groups and by 5 year calendar periods) applied to similarly-defined arrays of person-years-at-risk (pyr) generated by the data. Workers entered the pyr at the end of the 5 years minimum period of employment. They left the pyr on the closing date of the study (31 December 2000), the date of death, the date of emigration, or the date last known alive, whichever was the earlier date. These procedures were accomplished by means of the PERSONYEARS software. No contributions were made to observed or expected numbers past the age of 85 years. This censoring at age 85 was applied for three reasons. First, published mortality rates are only available for the 'open-ended' age-group 85 and the distribution of the cohort pyr by single years of age might be very different from that of the general population; secondly, the reliability of cause of death particulars is probably poorer at later ages; and, thirdly, any study subjects incorrectly classified as traced alive at the end of the study would have a disproportionate effect on the expected numbers for the open-ended age-group. Overall standardized mortality ratios (SMRs) were calculated as the ratio of observed deaths to expected deaths, expressed as a percentage. The significance of the differences between observed numbers and their corresponding expectations were assessed by means of the Poisson distribution. In addition, evidence was sought for any trend (linear component) in the pattern of SMRs (e.g. any tendency for SMRs to increase or decrease with time since first employment) [7] . Tests of heterogeneity were also carried out (e.g. could the differences in SMRs by operating area represent no more than random variation in sub-groups) [7] . Both tests assume a similar null hypothesis: no trend and homogeneous SMRs. Small P-values indicate statistical significance, either that the trend is unlikely to have occurred by chance alone or that the amount of heterogeneity is unlikely to have occurred by chance alone. All significance tests were two-tailed.
Poisson regression was used to calculate risk ratios for lung cancer and for all causes other than lung cancer by levels of cumulative duration of employment (a time-dependent variable). The EPICURE computer program was used to provide both pyr and numbers of deaths for all combinations of all levels of selected variables (age, calendar year, smoking status, duration of employment) [8] and to carry out statistical modelling by means of Poisson regression [7] , calculating point estimates of rate ratios (relative risks) for categories of employment duration with and without adjustment for other variables. More importantly, the statistical significance of any tendency for risks to increase or decrease progressively across levels of cumulative duration of employment was assessed by means of linearly weighted P-values for trend.
Results
Observed and expected numbers of death from all causes are shown by age at death and by year of death in Table 2 . There was no suggestion that overall mortality was declining at later ages or later periods; such effects might have indicated inadequate tracing of deaths. A corresponding analysis is shown by period from commencing employment in Table 4 . Overall observed and expected numbers of deaths for the main disease groupings are shown in Table 3 . Mortality from all causes was significantly below that expected on the basis of national mortality rates [observed = 557, expected = 704.3, SMR = 79, 95% confidence interval (CI) = 73-86, P < 0.001]. Significant deficits are shown for most of the numerically important disease groupings, in particular all neoplasms (observed = 169, expected = 209.4, SMR = 81, P < 0.01), diseases of the circulatory system (observed = 261, expected = 335.5, SMR = 78, P < 0.001) and non-malignant diseases of the respiratory system (observed = 50, expected = 73.0, SMR = 69, P < 0.01).
Overall observed and expected numbers of deaths for individual cancer sites (three digit ICD codes) are shown in Table 4 . A significant deficit is shown for cancer of the stomach (observed = 8, expected = 15.96, SMR = 50, 95% CI = 22-99, P < 0.05). Non-significant deficits are shown for lung cancer (observed = 64, expected = 73.59, SMR = 87, 95% CI = 67-111), and cancer of the bladder (observed = 3, expected = 7.96, SMR = 38, 95% CI = 8-110). There were no deaths from nasal cancer (expected = 0.33).
Observed and expected numbers of deaths from lung cancer and from all causes are shown by period from commencing employment in Table 5 . For all causes mortality, there was significant heterogeneity in the set of four SMRs (P = 0.02) and a significant trend (albeit non-monotonic) of SMRs increasing with period from hire (P = 0.02). For lung cancer, there was no significant heterogeneity in the set of four SMRs (P = 0.42) and the non-monotonic positive trend with period from hire was not significant (P = 0.14).
Observed and expected numbers of death from lung cancer are shown by operating area of first job in Table 6 . There was no significant heterogeneity shown in the set of SMRs (P = 0.82). In addition, there was no significant difference (P = 0.50) in the SMR of 102 shown for operating area 1 and the SMR of 84 shown for all other operating areas combined.
Rate ratios (relative risks, RR) are shown in Table 7 for lung cancer and for all causes other than lung cancer by duration of employment in the industry. There were no significant trends and in those analyses that adjusted for available data on smoking status (right-hand column of rate ratios), the point estimate of the rate ratio for trend was the same for both disease groupings (RR = 1.16).
Discussion
Occupational exposures are unlikely to have discernible effects on the risks of mortality from all causes combined. Consequently, patterns of mortality from all causes are more likely to be due to selection effects, socio-economic gradients, regional effects or lifestyle effects than they are to occupational exposures. In this study, there was evidence of a healthy worker effect, with mortality rates being well below the national average in the early periods of follow-up (population selected for health at entry to the industry) and with the magnitude of this deficit reducing with time (regression towards the mean). It is important to gauge the size of this effect, because this sort of pattern (SMRs increasing with period from hire) is the same pattern we might expect to see with occupational cancers. It is also highly likely that some of the overall deficit in mortality from all causes is due to regional effects. For example, the SMR for the county of Herefordshire in the period 1969-1973 was 88 for men aged 15-64 years and 90 for males of all ages. It has not proved possible to compile a reliable job-exposure matrix for all periods of interest and, consequently, analyses in relation to cumulative nickel exposure have not been attempted. Analyses of mortality risks in relation to duration of employment were carried out, but these did not indicate there was anything unusual about the pattern of lung cancer risks. Duration of employment is here being used as a surrogate for cumulative exposure, but as such this procedure is limited because the improvements in working practices and dust extraction that were introduced over the years are ignored. The overall SMR for lung cancer and the pattern of SMRs by period from hire were also unexceptional and did not indicate the presence of an occupational risk for this type of cancer, even though the number of lung cancer deaths available for analysis had increased from 15 in the first analysis [6] to 64 in the current analysis. Studies of US high nickel alloy workers have also failed to identify the presence of occupational lung cancers [9] . There were no deaths from nasal cancer in the cohort in the period under study. It follows that no form of analysis would be capable of showing any evidence whatsoever between nickel exposure and the risk of nasal cancer in this study. 
